We have used genome-wide RNAi screens to systematically identify genes that when inactivated cause lifespan extension in C. elegans. After screening over 16,000 RNAi clones that correspond to ∼80% of the predicted open reading frames in C. elegans, we identified a large number of distinct genes that, when RNAi inactivated, lead to lifespan extension (1). Components of the daf-2/insulin-like signaling pathway, a well-established longevity pathway, are recovered in our screen, indicating that we are able to identify authentic longevity regulators. The molecular identities of the additional candidate longevity genes indicate that they participate in diverse biological functions, such as metabolism, protein turnover, signal transduction, and gene expression regulation. Many of these candidate longevity genes are conserved through evolution, suggesting that they might represent new universal longevity regulators. One of these candidate longevity genes encodes the C. elegans homolog of the mammalian Host Cell Factor 1 (Hcf1). Mammalian Hcf1 has important roles in regulating gene expression and cell proliferation. hcf-1 RNAi or hcf-1 deletion mutant C. elegans live ∼30% longer than control worms at 25&#8734;C. The extended lifespan phenotype of hcf-1 deficient worms is dependent on the activity of the forkhead transcription factor daf-16 and the protein deacetylase sir-2.1, as hcf-1(-);daf-16(-) or hcf-1(-);sir-2.1(-) double mutant worms have lifespan similar to that of daf-16(-) or sir-2.1(-) single mutant respectively. Moreover, loss of hcf-1 synergizes with RNAi knock down of the daf-2 insulin receptor or the age-1 PI3K or the akt-1 serine/threonine kinase to further extend C. elegans lifespan, suggesting that hcf-1 acts independently of insulin-like signaling. We are currently testing the model that C. elegans HCF-1 normally limits lifespan by inhibiting SIR-2.1 and DAF-16 activities. 1) Hamilton et al. 2005 . Genes Dev. 19(13): 1544-55.
THE GENETICS OF SURVIVAL Andrew Dillin (P)
The Salk Institute for Biological Studies, Molecular and Cell Biology Laboratory, 10010 N. Torrey Pines Rd., La Jolla, Ca 92037
Aging has long been thought to be a stochastic, highly unordered process. However, the identification of single gene mutations has revealed that aging is under tight mechanistic control. Through rigorous genetic analysis in yeast, worms, flies and mice, three distinct signaling pathways have been uncovered to regulate organismal longevity. The pathways include the insulin/IGF-1 signaling (IIS) pathway, the response to reduced food intake (Dietary Restriction) and perturbations within the mitochondrial electron transport chain. We have highlighted the similarities and Reactive oxygen species (ROS) have been causally associated with aging primarily through their biodestructive properties; more recently, their important roles in cell signaling have been recognized. To probe the relative contribution of direct oxidative damage versus ROS-mediated signaling, we are exploiting the capacity of Drosophila to tolerate prolonged exposure to low ambient oxygen and to respond to dietary restriction (DR). In a normoxic high-nutrient environment, mutants deficient in SOD1 or SOD2 exhibit catastrophic early onset mortality. Chronic hypoxia suppresses the premature mortality of both SOD mutants but is without effect on mutants deficient in catalase or urate, implying substantial disparity in the down-stream effects of superoxide and other ROS. Switching between hypoxic and normoxic environments reveals that the deliterious effects of elevated superoxide in the cytoplasm/inner membrane space (IMS) compartment are cumulative and largely irreversible, while the effects of elevated superoxide in the mitochondrial matrix compartment are strikingly transient and reversible. We also find that the premature mortality of mutants deficient in SOD1, but not in SOD2, is significantly postponed by DR. Like wildtype, SOD1 mutants switched between rich and lean food rapidly shift their survival trajectory to match that of non-switched controls, demonstrating that DR modulates survival of flies deficient in SOD1, but not in SOD2, by transiently altering the short-term risk of death, rather than by intervening in the accumulation of irreversible effects. This predicts that the effects of hypoxia and DR, acting on SOD1-deficient mutants through independent mechanisms, would be additive, and indeed they are. Thus, the effects of unscavenged superoxide in the cytoplasmic/ IMS cellular compartment are largely cumulative and irreversible while those of unscavenged superoxide in the mitochondrial matrix compartment appear to be largely if not exclusively transient and reversible. Elucidating the basis for these distinct compartmentspecific responses to superoxide may lead to important insights into how aerobic cells manage oxidative stress in health, aging and disease. Even in the absence of overt pathological processes, cognitive function decreases with age. This decline in function clearly diminishes quality of life, is a major factor in loss of independence and imparts a costly burden to society as a whole, and to the medical health care system in particular. The underlying mechanisms for functional changes as the brain ages remain to be determined but undoubtedly include changes at the molecular, physiological, and/or structural levels. To date, studies have demonstrated age-related changes in glucose metabolism, electrophysiological correlates of aging (e.g. long-term potentiation and paired-pulse facilitation), protein expression (e.g. synaptophysin, calcium regulatory proteins, excitatory and inhibitory neurotransmitter receptors), neurotransmitter levels (e.g. dopamine, norepinephrine, 5-HT, GABA, acetylcholine) as well as several trophic factors (e.g. BDNF, NGF, IGF-1). Among other changes, considerable evidence also exists for structural changes as the brain ages e.g. age-related atrophy of various aspects of dendritic and synaptic morphology. The diverse structural, cellular and molecular changes identified by our laboratory, and others, suggest that advancing our understanding of brain aging and the effects of interventions that improve function require a rigorous and comprehensive analysis of age-related changes in protein expression profiles in discrete brain regions of behaviorally defined animals. Such analyses include 1) a thorough analysis of protein expression patterns in specific brain regions that have a relevant behavioral basis and 2) analysis of changes in protein expression patterns in response to interventions known to impact cognitive ability. Such behavioral analyses combined with recently developed high throughput approaches are potentially a powerful method for understanding the etiology of the cognitive deficits found in aged animals and man. We have analyzed protein expression profiles in the hippocampus of cognitively intact young and old animals and cognitively impaired aged rodents followed by a Principal Components Analysis to identify those protein changes that are closely associated with cognitive decline. The results to date represent an initial identification of proteins that change independent of agerelated cognitive decline and those that are associated with cognitive impairment. Supported by NIA grant P01 AG11370.
AGING IN THE GROWTH HORMONE

SUPPRESSION OF AGING IN MICE BY THE HORMONE KLOTHO
Makoto Kuro-o (P) Department of Pathology, The University of Texas Southwestern Medical Center at Dallas, 6000 Harry Hines Blvd., Dallas, A defect in klotho gene expression in mice leads to a syndrome resembling aging, including a shortened life span, hypogonadism, hypoactivity, skin atrophy, muscle atrophy, hearing loss, premature thymic involution, cognition impairment, motor neuron degeneration, arteriosclerosis, osteopenia, and pulmonary emphysema among others. In contrast, overexpression of the klotho gene extends life span in the mouse. Thus, the klotho gene functions as an aging suppressor gene. The klotho gene encodes a single-pass transmembrane protein and is expressed in limited tissues, notably in the kidney and brain. The extracellular domain of Klotho is shed and secreted in the blood, raising the possibility that Klotho protein may function as a humoral factor. Extended life span in transgenic mice that overexpress Klotho is associated with increased resistance to insulin/ IGF1 and oxidative stress, mechanisms for the suppression of aging evolutionarily conserved from worms to mammals. Klotho may affect aging processes partly through its ability to inhibit insulin/IGF1 signaling and to reduce oxidative stress. Mice defective in fibroblast growth factor-23 (FGF23) exhibit aging-like phenotypes similar to those observed in Klotho-deficient mice, suggesting that Klotho and FGF23 may function in a common signal transduction pathway(s). My laboratory has shown that Klotho binds to multiple FGF receptors (FGFRs) and is required for FGF23 to activate FGF signaling. FGF23 was originally identified as a hormone that inhibited phosphate reabsorption in the kidney and lowered serum vitamin D. In fact, both Klotho-deficient mice and FGF23-deficient mice exhibit elevated serum phosphate and vitamin D levels. Importantly, many aging-like phenotypes in these mice are rescued by ablation of vitamin D activity. These findings imply a novel concept that FGF signaling and vitamin D may participate in the regulation of aging in mammals.
AGING IN IGF-1 HYPOMORPHIC MICE
Christian Sell (P), Simone Lorenzini Drexel University College of Medicine, 245 N 15th Street, Philadelphia, PA 19102 Substantial evidence suggests that endocrine signals controlled by the hypothalamic-pituitary axis can influence longevity in rodent models. Central to the influence of endocrine signaling on longevity seems to be the level of insulin-like growth factor 1 (IGF-I). Genetic evidence from C. elegans and Drosophila indicates that dampening of cellular signaling pathways regulated by the activation of the IGF-I receptor leads to an increase in lifespan. In rodents, several long-lived dwarf mouse strains have been identified which share a reduction in growth hormone/IGF-I levels or signaling. We have established a cohort of mice that harbor a hypomorphic Igf1 allele for lifespan (Midi mice). These mice are small in size yet viable and fertile, albeit with a reduction in litter size. An analysis of the growth rate reveals that the midi mice have a relatively normal birth weight but show a reduction in postnatal growth. This effect is likely due to the influence of IGF-II since IGF-II is critical to prenatal growth while IGF-I is critical to postnatal growth in rodents and the midi mice have normal IGF-II alleles. The final weight of the midi mice is significantly lower than wild type litter-mate controls. Lifespan analysis reveals an 18% increase in midi females relative to controls while male midi mice do not show an increased lifespan relative to controls. Exam-ination of glucose metabolism in these animals identifies sex specific differences that may relate to the differing effects of reduced IGF-I levels on lifespan. Additional data indicates that the presence of functional IGF-I signaling pathways alters mitochondrial function. These functional changes in the mitochondria may partially explain the influence of IGF-I on longevity. Calorie restricted (CR) and dwarf rodents that are deficient in or resistant to growth hormone (GH) are long-lived and have reduced serum IGF-I levels. It has been suggested that extra-hepatic IGF-I levels may not be reduced in CR or dwarf rodents, and it is unclear whether reduction in serum IGF-I levels per se extends life span. We used the Liver IGF-I Deficient (LID) mouse from Dr. Derek Leroith, in which there is a 75-80% reduction in serum IGF-I, but normal extra-hepatic IGF-I mRNA in developing animals, as a model of primary serum IGF-I deficiency. Serum IGF-I remained reduced in older male and female LID mice. Wild-type (WT) male and female and LID female mice had median life spans of 34.7, 34.8, and 36.2 months, respectively, whereas median life span of male LID mice was significantly reduced (27.9 months; p<0.05). Serum insulin levels were elevated in 4-month-old male LID mice, but normalized in 13-month-old male and 22 month old female LID mice. Male and female LID mice were euglycemic. Extra-hepatic IGF-I mRNA levels were normal or slightly elevated in older male LID mice. Muscle Stat5 phosphorylation and liver weights were increased in 19-month old male LID mice. However, kidney weights were significantly decreased in 13 and 19 month old male LID mice. LID mice body weight was lower than WT starting at about 5 months of age. Food intake did not differ between LID and wild-type mice. In summary, lowering of serum IGF-I per se does not extend life span and appears to reduce life span in males. Lack of life span extension in LID mice could be due to the maintenance or increase of extra-hepatic IGF-I, and/or direct pro-aging effects of GH. These potential mechanisms may be modulated by estrogen and/or testosterone. Superoxide is a free radical produced as a by-product of aerobic metabolism, and is thought to be involved in the pathology of many diseases, including aging. Mice lacking CuZnSOD (Sod1 −/− mice) exhibit an acceleration sarcopenia (a loss of muscle mass and function with age). Mitochondria isolated from Sod1 −/− skeletal muscle generate significantly elevated levels of H 2 O 2 and show a decline in mitochondrial function as measured by O 2 consumption, ATP production, and electron transport chain activity. We hypothesized that accelerated age dependent loss of muscle mass in Sod1 −/− mice, is due to increased mitochondrial oxidative damage which results in apoptotic deletion of myonuclei and proteolysis. Sod1 −/− skeletal muscle mitochondria show faster induction of permeability transition pore (PTP) opening induced by Ca 2+ and increased levels of cytochrome c release. In addition, caspase-3 activity and apoptotic index measured by DNA fragmentation are significantly up-regulated by 25% and 30%, respectively, in muscle isolated from Sod1−/− mice. However, myonuclear domain (myofiber surface area per number of myonuclei) is not altered by apoptotic deletion of myonuclei. Therefore, it is likely that muscle cells respond to mitochondrial dysfunction and a decrease in myonuclei number, by increasing the degradation of contractile proteins to maintain energy balance required for muscle maintenance. Indeed, a major proteolytic pathway in skeletal muscle, proteasome system is significantly elevated in the hind-limb of Sod1 Muscular regeneration is critical for maintenance of muscle mass and function during the aging process. Previous work in our laboratory has demonstrated aged rats exhibit a significant deficit in recovery of max force production (∼33%) and a 10-fold deficit in insulin-like growth factor-I (IGF-I) mRNA production compared to young subjects 7 days post tourniquet (TK) induced ischemia/reperfusion (I/R) injury. To investigate the age-related short-term time course of IGF-I expression and signal transduction in regenerating skeletal muscle, adult (6 month-old) and aged (24 month-old) C57BL mice underwent 2 hour TK-induced I/R injury, with muscles harvested at 1, 3, 5, and 7-days of recovery. RT-PCR analysis of IGF-I Ea and Eb isoform mRNA expression in the EDL indicate younger subjects (Y) express ∼42% (at peak levels) more of both isoforms than aged subjects (O) in response to TK-induced I/R, with a right-shift in the O expression time course, suggesting age-related quantitative and temporal alterations in IGF-I expression. Myostatin mRNA expression was reduced subsequent to TK, but not different between the Y & O groups. Analysis of downstream targets in the phosphoinositide 3-kinase/ protein kinase B (PI3K/Akt) and the mitogenactivated protein kinase/extracellular signal-regulated kinase (MAPK/ERK) pathways reveals more phos-phorylation of p70S6 kinase, an activator of protein synthesis, and ERK, a stimulator of satellite cell proliferation, in O than Y in the gastrocnemius across the 7-day post TK span. Greater p-p70S6 kinase levels in the O were despite elevated muscle mass loss in the O (27.5%) compared to Y (12.2%) at day 7 post-TK. Phosphorylation of Akt was suppressed until day 7, with no difference with age. The exacerbated loss of muscle mass due to TK-induced I/R injury in aged subjects is not due to diminished protein synthetic signaling, and may be the result of other mechanisms causing increased susceptibility to atrophy and/or apoptosis. Given the rate of spontaneous mutation, the ability to repair DNA damage is vital for an organism's survival. Previous research has suggested that there a positive correlation between maximum longevity and the rate or fidelity of DNA repair. However direct evidence for this hypothesis taking into account phylogenetic effects has been lacking. In our study we compared relative rate of DNA repair in long and short lived species of primates (human vs. marmoset), rodents (white-footed mouse vs. house mouse) and bats (cave myotis vs. Brazilian free-tailed bat). Our results indicate that comparing in vivo and in vitro DNA repair dynamics, that long-lived species have superior DNA repair compared to related short-lived species. However, comparisons across wider phylogenetic distances produced mixed results, e.g., level of DNA damage-repair was similar between Brazilian freetailed bat and white-footed mouse, even though these bats maximum lifespan is at least fifty percent longer. We also compared levels of stress-related proteins (GADD153, GADD45, Jnk, c-jun, SOD2, NF-kappaB, hsp70) following gamma-radiation treatments and found similar results. Neurogenesis continues to occur throughout life but dramatically decreases with increasing aging. This decrease is mostly related to a decline in proliferative activity as a result of impoverishment of the microenvironment of the aged brain (reduction in trophic factors and increased inflammation). Previously, it has been shown that an intravenous injection of human umbilical cord blood cells (HUCBC) is as efficacious as intracranial transplantation at producing the neuroprotective effects, including, increased neurogenesis in the aged hippocampus. Neurogenesis can be increased by either an increase in proliferation or increased survival of the proliferating cells. The goal of the present study was to determine if the HUCBCinduced increase in hippocampal neurogenesis is a result of an increase in proliferation of the endogenous stem cells in the hippocampus. To this end, aged rats (20 months: n=24) and young rats (3 months: n = 24) were randomly selected to receive a single intravenous injection of either: 10 6 HUCBC (n=12); or media (n=12). At day 1 or day 14, each rat received two injections of bromodeoxy-uridine (BrdU, 50 mg/kg) spaced 8 hours apart and the rats were then sacrificed the following day. Unbiased stereology, using the optical fractionator, was utilized to estimate the number of BrdU+ cells in the granule cell layer. The results demonstrate that a single intravenous injection of HUCBC in aged rats can significantly increase proliferation one day following the cell delivery. Furthermore, the effect of HUCBC on proliferation is maintained 15 days following the injection of HUCBC, showing that the effects of HUCBC on proliferation are longlasting. These results suggest that the use of HUCBC as a potential therapeutic agent may provide a prolonged benefit to the aged brain. Supported by a grant to AEW from NIH (R01AG020927). PCB, PRS, and AEW are consultants to Saneron CCEL Therapeutics. Oxidative stress plays a key role in normal aging in various organisms. SKN-1 is a transcription factor that initiates the development of the digestive system during embryogenesis and is required to regulate the oxidative stress response during post-embryonic stages in Caenorhabditis elegans. skn-1 mutants are sensitive to oxidative stress and have a shortened lifespan compared to the wild type control. Using DNA microarray analysis, we found that under oxidative stress condition, the antioxidant response, the heat shock response, and genes involved in electron transport were induced, while genes involved in development, reproduction, and homeostasis were decreased in expression. Some of these oxidative stress-related transcriptional alterations were SKN-1-dependent. Oxidative stress-induced upregulation of several antioxidant-response and electron transport genes, and down-regulation of genes involved in reproduction and homeostasis were dependent on SKN-1 protein. However, induction of the heat shock response by oxidative stress was not affected by SKN-1. We also found that many of these SKN-1-dependent genes affect oxidative-stress resistance. This study suggests that there is a transcriptional shift from reproduction to cellular stress response and a need for increased ATP production in oxidatively stressed adult worms. Furthermore, our findings support the role of SKN-1 in the response to oxidative stress in Caenorhabditis elegans. Studies continue to indicate that oxidative stress plays an important role in the pathogenesis of atherosclerosis, cardiovascular disease, cancers, neurological diseases and diabetes. Oxidative stress, defined as a persistent imbalance between the production of reactive oxygen and nitrogen species and antioxidant defenses, causes damage to DNA, RNA, lipids and proteins, ultimately leading to the development of multiple acute and chronic human diseases. It is reasonable to hypothesize that improving the oxidative stress status of individuals may benefit their health by delaying the onset or reducing the severity of age-related chronic diseases. However, definitive evidence for this association has often been lacking because of recognized shortcomings with methods available to assess oxidative stress status in vivo. We have developed and analytically validated an innovative, unique and comprehensive new multi-parameter biomarker set for oxidative stress assessment. Specifically, we have established new LC-MS/MS methods to quantify DNA and RNA damage adducts (8-hydroxy-2′-deoxy-guanosine, 8-hydroxy-guanosine, and 5-hydroxymethyl-2-deoxyuridine), lipid damage products (8-iso-prostaglandin F 2α , iPF 2α -VI, 8,12-isoiPF2 α -VI, and 2,3-dinor-8-iso-prostaglandin F 2α ), and protein damage products (dityrosine and nitro-tyrosine) in human samples. Validation results indicate the mean recovery of the three methods is greater than 90%. Both inter-and intra-assay variation is less than 12%. Furthermore, the inaccuracy was less than 10% for all analytes. The excellent accuracy, reproducibility, and high throughput method make these assays suitable for use in large clinical studies and standard clinical research laboratories. Complete method validation data and the comparative studies of over 400 patient samples across the age range of 20-89 years will be presented. Any biological process that is postulated to play a causal role in ageing must satisfy three fundamental mechanistic criteria. Firstly, the process in question must take place in vivo, secondly it must be capable of exerting degenerative effects and lastly altering the rate at which organismal ageing occurs should also alter the rate at which the candidate mechanism operates (and vice versa). The progressive accumulation of senescent cells has long been proposed to act as an ageing mechanism. Such cells display a radically altered transcriptome compared to their growing counterparts and as a result display a profoundly altered phenotype which could plausibly exert degenerative effects. Whilst tremendous progress has been made in recent years in understanding the molecular mechanisms that regulate entry into the senescent state attempts to determine whether senescent cells can act as causal agents of mammalian ageing have been much more limited. However, those data which do are exist are coherent and demonstrate:
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• That replicative senescence exists in vivo.
• That significant numbers of cells become senescent during the lifespan of mammals.
• That the altered phenotype of senescent cells can trigger degenerative pathology in vivo. Perhaps the best evidence for a causal relationship between replicative senescence and organsimal ageing is still provided by Werner's syndrome, a rare autosomal recessive disorder that is characterised by the premature development of multiple age-related pathologies and premature fibroblast senescence. Together with our collaborators we have demonstrated that the accumulation of senescent cells can plausibly explain some, but not all of the ageing phenotypes seen in this disorder.
STRESS RESPONSES, NEUTROPHILS AND AGING
Professor Janet.M.Lord (P) MRC Centre for Immune Regulation, Birmingham University Medical School, Birmingham B15 2TT, United kingdom.
As humans age their ability to combat bacterial infection declines and reduced immunity is further compromised at times of emotional and physical stress. Adrenocortical hormones are elevated in response to chronic stress in both young and old, but the quality of the response is dramatically altered with aging. The adrenal steroid dehydroepiandrosterone sulphate (DHEAS) is immune enhancing, while cortisol is immune suppressing. Serum DHEAS levels decline with age but cortisol does not, a process termed the adrenopause, resulting in a relative excess of the immunosuppressive hormone cortisol. Physical trauma, such as hip-fracture, further increases cortisol and may increase susceptibility to infection. In recent years we have investigated the effects of hip-fracture on cortisol:DHEAS ratios, infection susceptibility and neutrophil function in elderly humans. Our early data showed that neutrophil phagocytic ability towards both yeast and E.coli was compromised in healthy elderly subjects (1). In a study of 35 elderly hip-fracture patients and 9 young subjects with limb fractures, we found that a significant number of the elderly patients (13) developed infections in the 2 months following trauma, which were mainly chest and urinary tract infections. No infections were seen in the young cohort. Serum cortisol:DHEAS ratio were measured and were significantly higher in elderly compared to young patients (p<0.0001). The cortisol:DHEAS ratio was also higher in elderly patients that succumbed to infection (p<0.02) compared to those that did not. Neutrophil superoxide generation was reduced in the elderly and in vitro cortisol inhibited neutrophil superoxide generation, an effect that was blocked by DHEAS (2). Thus the response to trauma is increased in the elderly leading to suppression of neutrophil function and increased susceptibility to bacterial infections. We have also investigated the molecular basis of the effects of DHEAS on neutrophil superoxide generation and revealed that these cells express at high level a transporter for sulphated steroids that is not seen in any other immune cell types. We will also present data on the potential signalling pathway mediating the effects of DHEAS in neutrophils. 
IT'S ABOUT TIME: AGEING AND THE CIRCADIAN CLOCK S,M,Biello (P)
The most widely recognised consequence of normal age-related changes in biological timing are the sleep disorders that appear in old age and diminish the quality of life. These sleep disorders are part of the normal ageing process and consist primarily of increased amounts of wakefulness and reduced amounts of deep sleep. Changes in the amplitude and timing of the sleep-wake cycle appear to represent, at least in part, a loss of effective circadian regulation of sleep. Understanding alterations in the characteristics of stimuli that help to consolidate internal rhythms will lead to recommendations to improve synchronisation in old age. Age-related phase advances of circadian rhythms are consistent with the hypothesis that the pacemaker is altered in animals of advanced age. Studies indicate that ageing is associated with a decreased responsiveness to the phase shifting effects of both light (photic) and social (non-photic) stimuli. Although age related changes in phase shifts of behavioural rhythms have been documented, little is known about the physiological basis underlying these alterations in circadian rhythms. A growing body of evidence obtained both in humans and animals shows that senescence is associated with alterations in the neural structure thought to be primarily responsible for the generations of the circadian oscillation, the suprachiasmatic nuclei (SCN). Reports indicate that both the anatomy and physiology of the SCN are altered in advanced age, with the most dramatic changes being found in the brains of demented patients. Thus the observation that clock-controlled properties of overt rhythms change during senescence, and the fact that the SCN itself shows pronounced changes in advanced age, make it likely that at least some of the age-related changes are due to alterations in the pacemaker mechanism itself. The SCN contain a circadian clock whose activity can be recorded in vitro for several days. We have tested the response of the circadian clock to a number of neurochemicals that mediate clock resetting to light (glutamate and NMDA and AMPA receptor agonists) and behavioural signals (neuropeptide Y and serotonin). These were tested on the circadian clock in young and older mice (approx. 4 and 15 months old). We found deficits in the response to specific neurochemicals but not to others in our older mice. These results indicate that some changes seen in the responsiveness of the circadian clock to light with age may be mediated at the level of the SCN. Further, the responsiveness of the circadian clock with age is attenuated to some, but not all stimuli. This suggests that not all clock stimuli loose their effectiveness with age and that it may be possible to compensate for deficits in clock performance by enhancing the strength of those stimulus pathways which are intact. Ageing is associated with changes in the synaptic efficacy of connections within the CNS, although why some synapses are affected by age while others appear to maintain function is far from clear. Changes in synaptic efficacy have historically been studied using invertebrate preparations, because of their large reproducibly identifiable neurons and well described connectivity. Using the relatively simple neuronal network that controls feeding behaviour in the pond snail Lymnaea, provided us with a unique opportunity to carry out a top down approach to understand the effects of age on motor function. Feeding in the pond snail consists of 3 active phases (protraction, rasp and swallow). As animals age feeding frequency decreases due solely to increases in the swallow phase. Biochemical analysis of the feeding circuitry demonstrated an age-related decrease in 5-HIAA levels that was positively correlated with the feeding frequency and negatively correlated with the duration of the swallow phase. A combination of electrophysiology and antibody labelling experiments demonstrated that the decrease in 5-HIAA was due to a decrease in 5-HT re-uptake. Application of 5-HT to B1 (protraction phase) motoneurones caused a concentration dependent increase in the amplitude of the evoked depolarisation, which was significantly greater in the old neurones compared to both young and middle aged. Conversely, the amplitude of the 5-HT-induced depolarisation in B4 (swallow phase) motoeneurone, and the ability of 5-HT to induce conditional bursting in B4 cells were attenuated in the old neurones. The ability of 5-HT to depolarise key feeding motoneurones and also to induce conditional bursting in B4 are both necessary to allow their appropriate activation during feeding. We have previously shown that the CGCs firing rate is decreased with increasing age 1 . The observed changes in sensitivity to 5-HT and the decreases in SERT activity would act to strengthen the CGC→B1 connection, compensate for decreases in CGC firing, allowing the protraction phase to be maintained. However, changes in the sensitivity of B4 cells to 5-HT would weaken the CGC→B4 synapse and attenuate the functioning of the swallow phase, slowing the feeding rhythm. The biomechanical properties of many dynamic tissues are severely compromised with age. Elastic fibres, which play a key role in tissue elasticity, are composite structures composed of elastin and fibrillin microfibrils. In intrinsically aged skin, the elastic fibre architecture is disrupted. In order to elucidate the molecular mechanisms underlying age-related changes in the mechanical properties of human skin we have quantified the extensibility of isolated fibrillin microfibrils. Skin biopsies (4 mm diameter) have been collected from photoprotected sites on volunteers aged 18-30 years (young group, n=6) and >/=70 years (aged group, n=6). Following isolation and purification, fibrillin microfibrils from young and aged groups were subjected to a force of 4000pN by molecular combing. Fibrillin microfibrils have a "beads on a string" appearance with a resting periodicity of 56 nm. Following molecular combing, the periodicity of the extended repeats, defined as >/=65 nm, was significantly (Mann-Whitney U test, p<0.001) greater in the aged group (102.6 nm, SEM 0.65 nm) compared with the young group (75.4 nm, SEM 0.33 nm). Extension beyond 100 nm is thought to be dependent on irreversible unfolding events within the bead. Significantly (χ 2 test, p<0.001) more repeats (1091/6000) were extended beyond 100 nm in the aged group compared with the young group (53/6000). These functional changes were linked to structural changes. Mass mapping by scanning transmission electron microscopy identified a significant and highly localised mean mass difference of 587 kDa per repeat between microfibrils extracted from 23 year old skin (2532 kDa/repeat, SEM 8 kDa) and 74 year old skin (1945 kDa/repeat, SEM 8 kDa) (t-test, p<0.001). Data from our on-going studies provides evidence for age-related nano-mechanical changes in an important extracellular matrix component of human skin which are correlated with structural alterations at the molecular level. Oxidative stress, which can be generated by dysfunctional mitochondria, results in DNA damage and accelerated telomere shortening. Thus, mitochondrial superoxide generation, which increases as human fibroblasts approach senescence, contributes to telomeredependent senescence. However, to a large extent mitochondrial dysfunction and cellular ROS production is a consequence of cell senescence. We show that induction of growth arrest by either telomere uncapping or by telomere-independent, genome-wide DNA damage results in increased mitochondrial biogenesis and dysfunction including mitochondrial superoxide production, cellular ROS increase and compromised calcium dynamics. We also show that ROS induction is dependent on mitogen signalling in particular p38 MAPK and TGF e bNADPH oxidase pathways. In addition, frequencies of nuclear DNA damage foci are significantly reduced by inhibition of the same signalling pathways, suggesting that secondary ROS generation contributes to long-term DNA damage signalling and, thus, stability of the senescent phenotype. MEFs from late generation Terc−/− mice senesce even under low ambient oxygen in a telomeredependent manner and show high mitochondrial superoxide production. At the same time, MEFS from late generation Terc−/− p21−/− double-knockout mice do not senesce and retain low mitochondrial and cellular ROS levels, indicating that the signalling towards mitochondrial dysfunction and ROS induction emerges downstream from p21. Interestingly, both tissues and MEFs of Terc−/− p21−/− mice show lower frequencies of non-telomeric γ-H2A.X foci than those from Terc−/−, confirming the idea of a positive feed-back loop between DNA damage signalling and mitochondrial ROS production. Moreover, inhibition of p53, a transcriptional activator of p21, by siRNA leads to less ROS generation and less DNA damage foci formation. In conclusion, we propose that mitochondrial dysfunction and ROS production are part of the senescent phenotype, are triggered via mitogen signalling pathways that emanate downstream from p21 and contribute to the long-term maintenance of senescence via a stable activation of DNA damage response.
SYNAPSE SPECIFIC CHANGES
TRANS-ATLANTIC STUDIES OF ROS AND SKELETAL MUSCLE AGEING
Malcolm J. Jackson (P) School of Clinical Sciences, University of Liverpool, Liverpool L69 3GA, U.K.
Skeletal muscle adapts rapidly to changes in the pattern of activity that it performs. Following unaccustomed and demanding contractile activity numerous structural and biochemical changes in muscle occur. During contractile activity skeletal muscle cells generate increased amounts of reactive oxygen species (ROS) through a number of different pathways and our data indicate that these contraction-induced ROS modulate at least some of the adaptive responses that occur in skeletal muscle following contractile activity. This process involves activation of redox-regulated transcription factors, such as AP-1, NFκB and HSF-1 and leads to increased expression of cytoprotective proteins that protect muscle cells against potential damage following subsequent rises in ROS activity. During ageing of skeletal muscle we have obtained evidence that this ability to adapt to contraction-induced ROS fails with consequent increase in oxidative damage to skeletal muscle associated with the age-related loss of muscle mass and function. The mechanisms underlying these changes and their role in the pathogenesis of age-related loss of skeletal muscle mass and function have been examined in an international multi-centre programme examining knockout mice lacking specific key regulatory enzymes for ROS metabolism. The programme relies on a combination of divergent expertise from the University of Michigan (J. Key finding include the recognition that mice lacking SOD1 show an accelerated skeletal muscle ageing phenotype and a failure to adapt to contraction-induced ROS of apatations and support an involvement of excess superoxide activity in the ageing process in skeletal muscle. Supported by NIA.
mTOR MEDIATED TRANSLATIONAL CONTROL OF EXPRESSION OF THE ɛ-SUBUNIT OF EUKARYOTIC INITIATION FACTOR 2B (EIF2B)
Jim Jefferson, PhD (P), Pennsylvania State University Studies in our laboratory initially demonstrated an association between activation of the mTOR signaling pathway, increased eIF2B activity, and the stimulation protein synthesis in rat skeletal muscle following resistance exercise. We then showed that the increase in eIF2B activity was due to a selective upregulation of the translation of the eIF2B ɛ-subunit mRNA (i.e., the other four subunit mRNAs were unaffected). Both the upregulated eIF2Bɛ expression and the stimulated protein synthesis in response to resistance exercise were dependent on signaling through the mTOR pathway. Extension of these studies to a cell culture model led to the following observations: (1) activation of mTOR signaling by either nutrients (amino acids), hormones (insulin or insulin-like growth factor-1), or a combination of both caused selective upregulation of eIF2Bɛ mRNA translation; (2) activated mTOR signaling was both necessary and sufficient to upregulate eIF2Bɛ mRNA translation; and (3) the 5′-noncoding region of the eIF2Bå mRNA contains the regulatory element that responds to mTOR signaling. In related studies we have demonstrated upregulated eIF2Bɛ expression in a number of transformed cell lines and have shown that sh-RNA-induced knockdown of the protein causes reversion to the non-transformed phenotype. Finally, collaborative studies with the laboratory of Dr. Sue Bodine have demonstrated dramatic upregulation of eIF2Bɛ expression following 14 days of compensatory hypertrophy of the plantaris muscle in 6-and 18-week old rats. In contrast, the response was severely blunted in 26-and 30-week old rats. Overall, the evidence points to a key role for eIF2Bɛ expression in cell growth in both physiological and pathological circumstances. Moreover, loss of response of this regulatory mechanism may contribute to skeletal muscle wasting during aging. Counter to prevailing views, recent studies from our laboratory showed that nutrient, such as amino acids (AAs), input into the mTOR/S6K1 signaling pathway is not mediated by either the tumor suppressor TSC1/ TSC2 or its target, the protooncogene Rheb. In the absence of TSC1/TSC2 we found that S6K1 activation is elevated and refractile to mitogen stimulation, such as insulin, but can still be regulated by AAs. However, this is not the case for Rheb as siRNA knock-down of Rheb protein levels blocks both the insulin and AA input to S6K1. Nonetheless, withdrawal of AAs, which triggers S6K1 inactivation, has no effect on elevated Rheb-GTP levels, leading to the hypothesis that Rheb-GTP is necessary but not sufficient to drive S6K1 activation in the absence of AAs. These findings suggested that the AA input to S6K1 resided on a parallel pathway to that of the TSC1/2-Rheb axis. As earlier studies demonstrated that wortmannin, a class 1 PI3K inhibitor, blocks AAinduced S6K1 activation and AAs do not induce PKB activation, this suggested that a novel wortmannin sensitive signaling component was responsible for mediating the AA input to S6K1. These observations led us to class 3 PI3K, or hVps34, as the novel target by which these responses were mediated. In brief, ectopic expression of hVps34 drives S6K1 activation, but only in the presence of AAs, and this effect is blocked by siRNAs directed against hVps34. Moreover, stimulation of cells with AAs increases hVps34 activity as measured by the production of PI3P, the product of hVps34. PI3P mediates the recruitment of proteins containing FYVE or Px domains to endosomal membranes, with PI3P rich micro-domains acting as signaling platforms. Consistent with hVps34 mediating the AA input to S6K1, this response is attenuated by expression of a cDNA containing two FYVE domains, which bind to PI3P and block binding of proteins having either FYVE or PX domains, preventing S6K1 activation. We have recently made progress regarding the upstream components in this pathway, which link amino acid transporters to hVps34 activation. These observations will be discussed.
THE ROLE OF THE NUTRIENT INPUT
NUTRIENT CONTROL OF GLUCOSE HOMEOSTASIS THROUGH THE PGC-1 PATHWAY
Pere Puigserver, PhD (P), University of Washington
In mammals, maintenance of energy and nutrient homeostasis during nutrient deprivation have evolutionary been accomplished through an increase in mitochondrial fatty acid oxidation in peripheral tissues. An important molecular component that drives this cellular oxidative process is the transcriptional coactivator PGC-1a. We have previously identified that deacetylation of PGC-1a by SIRT1 is increased in response to nutrient restriction and induces hepatic glucose production. More recently, we have also found that SIRT1 strongly deacetylates PGC-1a in skeletal muscle cells and is required for complete activation of PGC-1a-induced mitochondrial and fatty acid utilization genes as well as increased rates of complete fatty acid oxidation. In addition, expression of the acetyl transferase GCN5 induced PGC-1a acetylation and largely decreased PGC-1a target genes in myotubes. Consistent with a switch from glucose to fatty acid oxidation that occurs in nutrient deprivation states, SIRT1 was required for maintenance and increased rates of fatty acid oxidation in response to low glucose concentrations. Thus, we have identified a novel nutrient sensing mechanism by which SIRT1, functioning as a regulator of PGC-1a, induces a metabolic gene transcription program of complete mitochondrial fatty acid oxidation. We propose that this key metabolic control would allow nutrient adaptation of mammals in periods of food scarcity. These results have implications for understanding selective nutrient utilization Mitochondrial dysfunction is implicated in many forms of cell death, particularly in the central nervous system. The mitochondria generate ATP for the cell, sequester excess cytoplasmic Ca 2+ and both produce and detoxify superoxide free radicals. The electron transport chain and proton circuit are central in keeping these three balls in the air at the same time. Excitotoxicity is a neuronal stress that is implicated in many aging-related neuronal catastrophies including stroke, Parkinson's disease and Huntington's disease. We have been investigating the bioenergetics of the in situ mitochondria in cultured neurons exposed to pathological glutamate concentrations to model excitotoxicity, and have revised the conventional view that mitochondrial calcium loading results in increased oxidative stress that leads to damage to the mitochondrion and ultimately the cell. Instead, a central role is played by limitations in ATP generating capacity. Sodium and calcium entering via the NMDA receptor impose a large energetic load upon the cells as the plasma membrane Na + /K + -ATPase and Ca 2+ -ATPase accelerate to pump out the cations. This can utilize the entire respiratory capacity of the in situ mitochondria, with the result that even modest restrictions in mitochondrial capacity, caused by low concentrations of electron transport chain inhibitors such as rotenone, low concentrations of uncouplers, or pre-existing oxidative stress, greatly potentiate glutamate excitotoxicity. Our findings may lead to a re-evaluation of the potential for 'mild uncoupling' to provide a neuroprotective role in aging-related neurodegenerative disorders. Optical fluorescent imaging has become an invaluable tool in modern biomedical research. It is now possible to monitor the physiological parameters of live cells ranging from ionic concentrations to the locations and physical interactions of single proteins. We have extensively used single and mutliphoton fluorescent microscopy to investigate the impact of astrocyte mitochondrial metabolism on the health of neuronal tissue during the aging process in mice. We found that astrocytes cultured from the brains of old mice were less resistant to oxidative stress than astrocytes cultured from young mice and that the ability of astrocytes to protect neurons was significantly diminished with age. Mitochondrial membrane potentials were more depolarized (lower) but ATP-induced Ca 2+ responses in old astrocytes were larger and more oscillatory than in young astrocytes. In subsequent studies, we discovered that astrocyte resistance to oxidative stress and neuroprotection can be enhanced by activation of a purinergic receptor (P2Y-R) signaling pathway; however, P2Y-R enhanced protection was not as strong in old astrocytes as in young astrocytes. Using fluorescent dyes and the inherent autofluroescence of NAD(P)H metabolites, we have found that the enhanced protection pathway is dependent on increased mitochondrial function in astrocytes. We are now extending these studies to whole animals using imaging procedures that permit us to measure individual mitochondrial membrane potential, glutathione levels and intracellular Ca 2+ in astrocytes in the living brains of young and old mice.
CELL STRESS AND AGING: STUDIES OF MUTANT MICE AND LONG-LIVED RODENTS.
Richard A. Miller, MD, PhD (P) Geriatrics Center, University of Michigan, Ann Arbor, MI 48109-2200, USA.
The Pit1 mutation of the Snell dwarf mouse increases the lifespan of these mice by 40%, and also retards the development of a wide range of age-dependent changes, including cancers, immune senescence, cataracts, kidney disease, and joint changes among others. Fibroblasts from the skin of adult Snell dwarf mice are resistant to the lethal effects of many toxic agents, including cadmium, heat, peroxide, and the DNA alkylating agent MMS; fibroblasts from other longlived mice with IGF-I deficits are, similarly, resistant to multiple sources of cellular stress. The molecular basis for the stress resistance is unknown, and the relationship of cellular stress resistance to the slower aging in Snell dwarfs is also a matter for speculation. We present new data on several of these issues. (1) Cells from dwarf mice prove to be resistant to the effects of two non-lethal metabolic inhibitors: rotenone (which blocks a number of redox-enzyme systems), and glucose diminution. (2) Surprisingly, cells from dwarf mice are abnormally sensitive to agents, like thapsigargin and tunicamycin that induce apoptosis by the unfolded protein response pathway. (3) Snell dwarf cells have elevated levels of Lamp2a, a protein that promotes clearance of damaged proteins via chaperone-mediated autophagy. (4) Cells from dwarf mice are abnormally sensitive to withdrawal of amino acids from culture, as measured by phosphorylation of the mTOR substrate 4EBP1. (5) Cell lines from long-lived species of rodents, such as beaver, porcupine, and fox squirrel, are resistant to the lethal effects of cadmium and peroxide, compared to cells from shorter-lived rodents such as mouse, rat, and red squirrel. (6) Cell lines from the very long-lived, eusocial, poikilothermic rodent, the naked mole rat (NMR), are, as hypothesized, resistant to death caused by cadmium, paraquat, heat and MMS. Surprisingly, however, these cells are exceptionally sensitive to peroxide and UV light. Like Snell dwarf cells, NMR fibroblasts are significantly more sensitive to agents that induce the unfolded protein response. Taken together, these results indicate that fibroblasts from long-lived mutants, and longlived rodent species often show resistance to a mixed portfolio of lethal agents, together with abnormal sensitivity to processes that interrupt protein translation or export. Aging processes are often genetically regulated. To explore molecular pathways that regulate aging and susceptibility to age-related disorders in humans, well-characterized and genetically-defined mice offer a choice model system. Many inbred strains share genomic regions that are identical by descent, and with a dense SNP map and phenotypes on many strains, computational methods can be used to associate shared genomic regions with phenotypes and predict small QTLs to accelerate gene discovery. To facilitate the use of mouse models in aging studies, we are measuring the lifespans for 32 males and 64 females of 32 different inbred strains in a specific pathogen free facility using standardized conditions. Each strain is tested at 6 month intervals with a variety of non-invasive assays, including body weight, blood and urine chemistry assays for kidney and liver function, heart function (EKG), food and water consumption, metabolic rate, activity patterns, sleep behavior, complete blood counts and hematological evaluation, hormone levels (IGF-1, insulin, leptin, thyroxin), immune function (FACs scan, immunoglobulin subclasses, key cytokines), and neuromuscular function (gait and grip tests). In additional to these longevity studies, a cross-sectional study using the same 32 strains are currently being measured at young (6 months), middle (12 months) and old (20 months) time points for body composition including % fat and bone density, chromosome rearrangements, ability to repair DNA, molecular markers of aging, and stem cell function. Complete necropsies are performed in these cross sectional mice, which include 15 males and 15 females of each strain, to define and quantify all forms of chronic disease. All data from both studies will be placed in the Mouse Phenome Database so that it is readily available to the scientific community (http://www.jax. org/phenome). To illustrate these results, we will present initial results on median life span, IGF-1, glucose and body weight.
SUCCESSFUL GENERATION OF TRANSGENIC MOUSE MODELS FOR AGING RESEARCH.
Warren C. Ladiges (P) and Peter Rabinovitch Departments of Comparative Medicine and Pathology, University of Washington, Seattle, WA 98195, USA.
Genetically engineered mice can be powerful models for studying the biology of aging since genes can be inserted, deleted or altered in a mammalian system directly translatable to humans. The Animal Model Development Core of the Nathan Shock Center at the University of Washington generates 40 to 50 mouse lines per year for investigators involved in biology of aging research. Construction of targeting vectors and generation of founder mice is resource intensive and technically challenging so it is important to have a well developed strategy to assure success before starting a new mouse project. First, mouse lines may have already been made representing the gene of interest, and if available, would be a major savings in time and resources. Second, the integrity of any new mouse line is directly dependent on the integrity of the construct or targeting vector, and must be prepared with impeccable detail. Recently developed technologies, including BAC recombineering, Cre lox excision, and gene targeted insertion, should be considered in order to increase the utility of the mouse model. Thirdly, an efficient genotyping assay must be available to accurately identify founder animals. A fourth consideration is how founder lines will be biologically evaluated for phenotypic characteristics, keeping in mind that the expected phenotype may not always be consistent with the genotypic strategy. In addition, phenotypes may not be evident until mice attain old age, which requires resources and facilities to do lifespan studies. Using these criteria, we have generated a number of transgenic and gene targeted mouse lines that have helped to address scientific questions relevant to the biology of aging.
EFFECTS OF DIET RESTRICTION AND THE LITTLE MUTATION ON HEMATOPOIETIC STEM CELL AGING AND THE RISK OF CANCER
David E. Harrison (P), Robin P. Ertl, Kevin Flurkey, Yashoda Sharma, Clinton M. Astle The Jackson Laboratory, Bar Harbor, ME. 04609, US Age related defects in tissues may result in part from decreased stem cell function. Unfortunately, treatments that reduce or delay these losses tend to increase the incidence of cancers. Exceptions to this rule are dietary restriction (DR) and the little mutation (Grhrlit). DR lengthens lifespan, delays cancers, and reduces the strain-dependent loss of hematopoietic stem cell (HSC) function with age. In BALB/cByJ (BALB) mice, repopulating ability of bone marrow decreases with age, although numbers of cells with HSC markers increase 20-fold, resulting in a 90-fold decrease in repopulating ability per HSC. DR greatly alleviates these age-related changes. In C57BL/6J (B6) and (BALB x B6) F1 hybrid mice, the repopulating ability of bone marrow increases with age. A similar increase in numbers of cells with HSC markers results in a relatively constant repopulating ability per HSC. DR does not alter this age-related increase in function. The divergent responses of BALB and B6 mice to aging and DR make them useful models for investigating mechanisms that regulate HSC aging. Examining candidate mechanisms in both divergent systems will eliminate casual covariance. The second exception, the little mutation, lengthens lifespan (20-25%) and decreases agespecific incidences of cancers by at least 75%. The little mutation also prevents the loss of HSC repopulating ability that occurs with serial transplantation. These data are consistent with the hypothesis that a reduction in IGF-1, characteristic of both little and DR mice, preserves HSC repopulating ability during aging while also diminishing incidences of cancers. We propose that aging is not merely a balance between senescence and cancer. DR may preserve stem cell function and delay expression of cancers by decreasing rates of damage and rates of cellular turnover. Understanding mechanisms behind effects of DR and reduction in IGF-1 levels may suggest clinically useful treatments. Calorie restriction (CR) is the most robust and reproducible way to extend lifespan in a variety of species. In the yeast Saccharomyces cerevisiae, CR has been proposed to extend lifespan by boosting the activity of sirtuin deacetylases, thereby suppressing the formation of toxic repetitive ribosomal DNA (rDNA) circles. An alternative theory is that CR works by suppressing the TOR (target of rapamycin) signaling pathway, which extends lifespan via mechanisms that are unknown but thought to be independent of sirtuins. Here we show that TOR inhibition extends lifespan by the same mechanism as CR: by increasing Sir2 activity and stabilizing the rDNA locus. Further, we show that rDNA stabilization and lifespan extension by both CR and TOR signaling is due to the relocalization of the transcription factors Msn2/Msn4 from the cytoplasm to the nucleus, where they increase expression of the nicotinamidase gene PNC1. These findings suggest that TOR and sirtuins may be part of the same longevity pathway in higher organisms, and that they may promote genomic stability during aging.
Nicolai Award
CALORIE RESTRICTION AND INSULIN RECEPTOR ACTIVATION IN LIVER AND MUSCLE FROM NORMAL AND GROWTH HORMONE RECEPTOR KNOCKOUT MICE
Michael S. Bonkowski (P), Fernando P. Dominici, Juliana S. Rocha, Reyhan Westbrook, Khalid Al Regaiey, Michal M. Masternak, Andrzej Bartke Southern Illinois University, Department of Internal Medicine and Pharmacology, Springfield, IL Mutations affecting somatotropic and/or insulin signaling increase longevity in mice. Caloric restriction (CR) extends lifespan in mice. We previously reported that CR failed to increase lifespan or insulin sensitivity in long-lived insulin sensitive growth hormone receptor knockout (GHRKO) mice. To determine why GHRKO mice failed to respond to CR by improved insulin sensitivity, we subjected normal and GHRKO mice to an identical CR regimen (30% daily CR). We then performed an insulin stimulation protocol, where all groups were fasted overnight, and stimulated with a 10 IU/kg insulin injection through the portal vein. Liver and muscle tissue were extracted at one and three minutes later and tested for total insulin receptor (IR) and IR tyrosine phosphorylation (IR-pY) to calculate receptor activation. In liver, IR total protein was elevated in N-CR, KO-AL, and KO-CR (P<0.01 in all cases), but there were no other differences between groups. In response to insulin stimulation, liver IR-pY was elevated in normal and GHRKO mice (P<0.05 in both cases) and insulin stimulated IR-pY levels were higher in GHRKO than in normal mice (P < 0.0001). Interestingly, the insulin stimulated activation of the IR in muscle did not follow the same trends. There was a significant interaction between phenotype, diet and insulin stimulation for IR, IR-pY, and the ratio, IR-pY/IR (P<0.002, P<0.001, and P<0.001, respectively). Importantly, CR increased muscle total IR in normal mice while reducing total IR in GHRKO mice (P<0.05 for both). Insulin stimulation robustly increased IR-pY in N-CR mice versus N-AL mice (P< 0.0001), while effects of insulin stimulation did not differ between KO-AL and KO-CR mice and resembled the values measured in N-AL animals. These findings suggest that GHRKO mice respond to CR by improved liver IR activation regulating gluconeogenesis but fail to improve muscle IR activation which is a key regulator of whole animal insulin sensitivity.
Cu/ZnSOD TRANSGENIC RATS: A NEW ANIMAL MODEL FOR OXIDATIVE STRESS THEORY OF AGING?
Ikeno, Y (P)., Cortez, L. A., Lew, C.M., Webb, C.R., Qi, W., Chaudhuri, A., and Richardson, A. Barshop Institute for Longevity and Aging Studies, The University of Texas Health Science Center at San Antonio, 15355 Lambda Drive, San Antonio, TX 78245-3207
We examined the effect of increased levels of Cu/Zn superoxide dismutase (SOD) on oxidative stress and on aging in transgenic rats overexpressing Cu/ZnSOD [Tg(hSOD1)+/0]. This is the first study to use transgenic rats to test the oxidative stress theory of aging. A previous study using transgenic mice showed that overexpressing Cu/ZnSOD had no effect on lifespan. Our results showed that Tg(hSOD1)+/0 rats had significantly higher Cu/ZnSOD activity compared to wild-type rats without a down-regulation of other major antioxidant enzymes. The increase in Cu/ZnSOD activity was associated with lower levels of oxidative damage to DNA, lipid, and protein. More importantly, Tg(hSOD1)+/0 rats suppressed various age-related diseases, and showed a significant increase in lifespan (12%) compared to wild-type littermates. These data demonstrate that overexpressing Cu/ZnSOD has a different effect on lifespan in rats and mice, and would suggest that oxidative stress might play a greater role in the lifespan of rats than mice. (Supported by grant from the VA Merit Review)
TEN-FOLD EXTENSION OF C. ELEGANS LONGEVITY BY MUTATIONS THAT ALSO CONFER PROTECTION AGAINST OXIDATIVE AND ELECTROPHILIC STRESSES, BUT NOT HYPERTHERMIC STRESS
Robert J. Shmookler Reis (P), Srinivas Ayyadevara, Cagdas Tazearslan, and John J. Thaden University of Arkansas for Medical Sciences, and McClellan Veterans Medical Center, CAVHS, 4300 West 7th Street, Little Rock AR 72205 USA Lifespan extension is conferred by many mutations in C. elegans, by up to 2.6-fold. The most effective such mutations arose from disruption of insulinlike signaling. Mutations in corresponding pathways also prolong life for other species, including fruitflies and mice, although to lesser degrees. C. elegans strains bearing homozygous nonsense mutations in the xls-1 gene mature slowly into adults of essentially normal size, appearance, and pharyngeal pumping rate. For two distinct null mutants, median survival times were 145-190 days in three experiments; both median and maximum adult lifespans are extended 10-to 11-fold over N2DRM, a relatively long-lived wild type stock into which the mutants were outcrossed. Xls-1-null adults, although not exceptionally thermotolerant, survive 4-to 7.5-fold longer in the presence of oxidative and electrophilic stresses than worms bearing normal or weaker (less longevitous) alleles. These phenotypes are partially (25-75%) restored to wild-type values, in double mutant worms combining mutations to xls-1 and daf-16. Because daf-16 encodes a transcription factor considered to mediate the diverse traits governed by insulin-like signaling (ILS) in these nematodes, it appears that xls-1 mutations exert their effects through ILS and also daf-16-independent pathways. We propose a mechanism for these unprecedented gains in survival under both normal and toxic environments. Oxidative stress is widely accepted to have a pivotal role in aging and it is generally thought that rates of free radical generation, efficacy of antioxidant defense and concomitant oxidative damage accrual will correlate with the maximum lifespan of a species. We tested this hypothesis in a comparative study involving 10 rodent species with a 10-fold range in maximum longevity. Regardless of variable tested, no correlation between maximum longevity and oxidative stress, defense or damage accrual was evident. Although reduction of accrued oxidative damage may be sufficient to extend the longevity of some invertebrates, our results show that that attenuated oxidative damage and superior antioxidant defense is not an essential determinant of maximum lifespan of species. These data, like those from mice in which antioxidant enzymes have been modified (Van Remmen Physiol. Genomics 16: 29-37) challenge the oxidative stress theory of aging. This study was supported by the NIH/NIA AG022891. Chronic caloric restriction (CR) produces many physiological benefits. One benefit is enhanced immune function, which has usually been demonstrated in the absence of intact pathogens. However, results are equivocal when intact microparasites are used and this relationship is untested for macroparasites. We examined if long-term CR affected susceptibility of laboratory mice (C57BL/6) to the intestinal nematode Heligmosomoides bakeri. CR mice were fed 40% fewer calories than ad libitum (AL) mice for six months and were then infected with H. bakeri. All infected mice showed similar eosinophilia above published levels of uninfected mice, and CR mice had greater total circulating IgG 1 than AL mice. Thus, CR mice had comparable or better immune response to H. bakeri than AL mice. Despite ample immune function, CR mice harbored more worms than AL mice and the worms that resided in CR mice had greater egg output both in vivo and in vitro compared to worms taken from AL mice. A possible explanation for our data relates to the reactive oxygen species (ROS)/antioxidant pathway. ROS produced by the mouse host are used against H. bakeri larvae and adults to kill the worms. In response, H. bakeri worms produce antioxidants to combat host ROS. Caloric restriction decreases ROS production in some host tissues, and if this occurs in the small intestine where worms are located, this may enable worms to survive better in a CR host than in an AL host. To test this, we measured mouse small intestine and worm antioxidants. CR mice had less superoxide dismutase in their small intestine than AL mice and H. bakeri from CR mice also had slightly less superoxide dismutase than H. bakeri from AL mice. These decreased antioxidant levels may indicate lower mouse ROS production and hence explain the increased susceptibility of CR mice to intestinal nematodes. Maximum lifespan differences among animal species exceeds lifespan variation achieved by experimental manipulation by orders-of-magnitude. Recently, it has been discovered that the fatty acid composition of cell membranes varies systematically between species. When this is combined with the fact that (i) fatty acids differ dramatically in their susceptibility to peroxidation, and (ii) many of the products of lipid peroxidation are powerful reactive oxygen species, membrane fatty acid composition provides a mechanistic explanation of the variation in maximum lifespan among animal species. This proposal is a modification of the oxidative stress theory and has been called the membrane pacemaker theory of aging. The peroxidative susceptibility of membrane lipids can potentially explain: 1) the long lifespan of large mammals compared to small mammals, 2) the long lifespan of birds compared to similarly-sized mammals, 3) the extended longevity of wild-derived strains of mice compared to laboratory mice, 4) the effect of caloric restriction in extending lifespan, and 5) the extended longevity of queen honeybees compared to worker bees. Peroxidation-resistant membrane composition may also explain the exceptional longevity of some mammal species: the naked mole rat and Homo sapiens. These potential explanations are based on observations of associations of membrane composition and longevity among animal species. Recent studies where the lifespan of blowflies is modified by dietary manipulation of membrane composition will be presented. These findings represent experimental support for the membrane pacemaker theory of aging. Reactive oxygen species, including peroxide radicals (PR), have been implicated in tumor initiation and progression in numerous studies. Catalase is an endogenous antioxidant enzyme designed to inactivate PR, thus suggesting it may have anti-tumor affects. We evaluated the incidence and severity of end-of-life neoplastic lesions in 72 transgenic mice (C57BL/6 background) over expressing catalase targeted to mitochondria (mCAT). An equal number of wild type littermates (WT) served as controls. Catalase expression and activity in numerous tissues were significantly higher in mCAT mice versus WT mice. Primary tumors were graded 1-4 depending on stage, including presence and extent of metastasis, and tumor burden was determined by the sum of scores for each primary tumor type. Both the total non-hematopoietic tumor burden and malignant nonhematopoietic tumor burden was significantly higher in WTs than in MCATs (0.57 vs 0.15, p=0.03 and 0.38 vs 0.04, p=0.007). The percent of mice with hematopoietic tumors (lymphomas and histiocytic sarcomas) did not differ between genotypes, with 67% and 65% in the WT and MCAT groups, respectively. These observations suggest that while oxidative stress may have little relation to the mechanism driving the hematopoietic tumors so frequently seen in C57BL/6 mice, reactive oxygen species are implicated in the initiation and progression of sporadic non-hematological cancers in aging mice. Pharmacological strategies to deliver mitochondrial antioxidants may deserve further investigation in cancer and aging. Studies on long-lived C. elegans and D. melanogaster mutants suggest that reduced insulin-like signaling in the nervous system contributes to the life extension observed in these organisms. To determine if neuronal insulin/IGF-I signaling plays a role in regulating the lifespan of mammals, we generated three independent lines of transgenic mice that overexpress the adapter protein, Growth-factor receptor binding protein 10 (Grb10), a negative regulator of insulin/insulin-like growth factor-I (IGF-I) signaling, in neurons. By Western Blot analysis of tissue homogenates from the transgenic mice, we show that the transgene is specifically expressed in the brain at different levels depending on the transgenic line. To analyze insulin/ IGF-I signaling, we examined the phosphorylation of downstream signaling molecules in response to 1 hour of re-feeding after an overnight fast. Under these conditions, we found that neuronal over-expression of Grb10 results in a decrease in Akt phosphorylation in the brain. Interestingly, glucose and insulin tolerance tests indicate a range of peripheral sensitivity to insulin between each line of transgenic mice. Furthermore, we have found that reducing insulin/IGF-I signaling in the neurons results an increase in the mean, but not maximum, lifespan of neuron-specific Grb10 transgenic animals. Since one common phenotype of long-lived organisms with changes in insulin/IGF-I signaling is resistance to oxidative stress, we tested the effect of diquat-induced oxidative stress on one line of neuron-specific Grb10 transgenic mice and found no difference in survival compared to wild-type mice. Together, our data suggests that reducing neuronal insulin/IGF-I signaling extends mean lifespan in mammals without conferring resistance to chemically-induced oxidative stress.
HOLES IN THE OXIDATIVE STRESS
MEMBRANE LIPIDS AND AGING
Nicolai Award
FOXO1 IS NOT INVOLVED IN THE CALORIE RESTRICTION-SPECIFIC RESPONSE TO OXIDATIVE STRESS IN MICE LIVER
Toshimitsu Komatsu, Yuri Fukumoto, Hirosato Mashima, Tatsuo Furuyama, Takuya Chiba, Haruyoshi Yamaza, Yoshikazu Higami, Isao Shimokawa (P) Department of Investigative Pathology, Nagasaki University Graduate School of Biomedical Sciences, 12-4 Sakamoto 1-chome, Nagasaki 852-8523, Japan
Calorie restriction (CR) may exhibit the antiaging effect by upregulation of FoxO1, one of the mammalian orthologs of DAF-16 in nematodes. The present study evaluated the role for FoxO1 in CR-specific response to oxidative stress in mice liver. Male mice (C57BL/6J), wild type (+/+) and FoxO1-knockout (ko, +/−), were fed ad libitum (AL) throughout the experiment or a 30% CR diet for 3 months from 12 weeks of age. In ko mice, the mRNA expression level of FoxO1 was 70% decreased, as compared to wild type mice. In CR groups, the levels were augmented 48% in wild type and 70% in ko mice. There was no difference in the expression levels of FoxO3a and FoxO4 between AL and CR and between wild type and ko mice. The FoxO1 binding in hepatic nuclear protein extracts was also significantly reduced in ko mice but increased in CR mice. Mice were killed at 0, 15, 30, and 60 min after injection of a low dose of 3-nitropropionic acid (NPA), a ROS generator in mitochondria. Phosphorylated levels of mitogenactivated protein kinases (JNK1/2, ERK1/2, and p38), AP-1 (c-fos) binding, and the mRNA levels of immediate-early genes (c-fos, junb, Gadd45alpha, and Mn-SOD) were analyzed during the time course as indices of the oxidative stress response. CR delayed activation of AP-1 after 3-NPA injection without reducing phosphorylated (active) levels of MAPKs. CR also modulated the time-dependent changes in c-fos, junb, and Gadd45alpha gene expression. However, these changes were also observed in the group CR of ko mice. The present study suggests that FoxO1 is preferentially upregulated in mice liver by CR, but is not involved in the CRspecific oxidative stress response. It is well established that mitochondrial function declines with age, and this decline is thought to be an important factor in the aging process. PGC-1 alpha (Peroxisome Proliferator-Activated Receptor gamma Coactivator 1 alpha) is a primary regulator of mitochondrial biogenesis, and its expression declines with age. We were interested in determining if stimulation of mitochondrial biogenesis would improve mitochondrial function thereby modulating the aging process, in particular the well known agerelated increase in insulin resistance. To this end we have generated a unique transgenic (TG) mouse model that ubiquitously expresses the human PGC-1 alpha gene. Total PGC-1 alpha mRNA levels were increased 1.5-to 2-fold in all tissues examined. PGC-1 alpha protein levels were up-regulated 100% and 50% in the liver and skeletal muscle, respectively. Increased expression of hepatic mitochondrial transcription factor A (mtTFA) protein and cytochrome c oxidase (COX) subunit II and IV mRNA along with increased hepatic mitochondrial DNA content is consistent with stimulation of mitochondria biogenesis. Plasma glucose levels, in the fed state, were decreased ∼15% in the TG mice, and this decrease was accompanied by a significant increase in whole body insulin sensitivity, as determined by glucose tolerance test and by euglycemic-hyperinsulinemic clamp studies (132±7 vs. 117±4 mg•kg-1•min-1; P<0.05). Skeletal muscle from TG mice also exhibited 2-fold higher insulinstimulated phosphorylation of Akt, a key mediator of muscle glucose transport, compared with WT mice. Interestingly, the PGC-1 alpha TG mice exhibited a paradoxical increase in hepatic insulin resistance, compared to the WT mice. Taken together, the results suggest that stimulation of mitochondrial biogenesis by PGC-1 alpha can be correlated with an improved insulin sensitivity of peripheral tissues. The decreased hepatic insulin sensitivity results in an increased hepatic glucose output to supply the peripheral energy We previously demonstrated the age associated reduction in expression of genes coding for K ATP channel subunits indicating its role in the aging hearts susceptibility to stress. Therefore adult K ATP channel blockade may convert the cardiac stress response to one observed with senescence. Tolerance to stress was assessed after isoproterenol (ISO) challenge in adult (6 m) and aged (24 m) Fisher 344 rats in the presence and absence of K ATP channel blocker, glyburide (GLY, 5 micromoles/kg). Despite similar ISO stress (5 mg/kg), adults maintained reduced ventricular size, increased contractility, while aged hearts decompensated with cardiac dilatation and decreased function. This ISO challenge was lethal in the aged. GLY pretreatment alters the adult stress response to that seen in senescent rats increasing vulnerability to cardiac failure and mortality. APD shortening observed in adults was not present in aged and was attenuated in adults following GLY. Spontaneous wave forms and diastolic calcium overload occurred In adult isolated cardiomyocytes paced at 60 HZ and treated with Flou-4-AM only after pretreated with GLY. This phenomenon was seen in the aged cardiac cells with ISO stress alone. Thus K ATP channel blockade transforms the adult cardiac protective stress response to an aged phenotype. Institute for Behavioral Genetics, U. of Colorado at Boulder, CO Caloric restriction (CR) is the only intervention repeatedly demonstrated to retard aging and extend lifespan in mammals. Decreased fat mass is a trait shared by most CR rodents, but it is still debated whether adipose tissue is involved in the regulation of lifespan. To examine this hypothesis, we are searching for genetic loci that modulate the effect of CR on fat. Our long-term goal is to determine whether these loci also modulate the effect of CR on longevity. We examined 42 genetically mapped (330 SSLP markers) recombinant inbred (RI) strains derived from the LXS series. Male and female RI strains were separately housed 5/cage. At 5 months half of the mice were calorie restricted (60% of the ad libitum (AL) intake of each strain). Fat mass was measured by magnetic resonance imaging (MRI). Fat mass varied markedly in both AL and CR mice. Overall, CR reduced fat mass about 40% (p<0.0001), but there was marked variation in the effect of CR on fat mass. CR reduced fat mass in most strains, but, surprisingly, increased fat mass in others-ranging from an increase of 3.6 g to a decrease of 10 g. The modulation of fat mass by CR in male mice was correlated with that in female mice (r 2 =0.3099, p<0.005). By contrast, the interstrain variation in fat mass in AL mice was not correlated with that in CR mice, indicating that genes regulating fat mass in response to CR differ from those that regulate fat mass in AL mice. We are using these data to search for genetic loci (QTLs) that account for the variable response of fat mass to CR, ultimately to determine if they overlap with loci that underlie the presumptively variable response of life span extension to CR. T-cell immunity undergoes profound changes in senescence, including, but not limited to, decline in naive T-cell production, increased compensatory proliferation of the remaining naive T-cells, consumption of naive T-cells by repeated and/or persistent pathogenic assaults, and decreased efficacy of T-cell signaling. We investigated the interplay of acute or latent persistent viral infection and regulation of T-cell homeostasis and immunological memory in old mice. We provide evidence for antigen-independent disturbances in T-cell homeostasis and repertoire that can lead to increased vulnerability to pathogens. Moreover, we show that chronic, but not acute, antigenic challenge directly contributes to additional disturbances in T-cell homeostasis and memory maintenance. Importantly, these disturbances remain directly dependent on antigenic stimulation, suggesting ways to restore T-cell function in immune senescence. Supplementation of a high antioxidant blueberry extract (BB) in aged rats reversed hippocampal Ca 2+ dysregulation and improved cognitive and neuronal function in these rats and in APP/PS-1 mice. Here, we studied whether neurons were an important target of BB and whether the mechanism involved altered oxidative stress (ROS) signaling through MAPK and through CREB, pathways known to be activated in response to β-amyloid 42 (Aβ). Primary hippocampal neurons were isolated from embryonic, middle-age (9 months) or old-age (24 months) rats and cultured for 8-15 days in Neurobasal/B27 medium. BB was found to be equally neuroprotective against Aβ neurotoxicity at all ages. Increases in Aβ toxicity with age were associated with age-related increases in immunoreactivity of neurons to pERK and a non-age related increase in pCREB. Pretreatment with BB extract strongly inhibited these increases in parallel with neuroprotection. Simultaneous labeling for ROS with DCF and for glutathione with monochlorobimane showed a mechanism of BB action to involve transient ROS generation with an increase in glutathione. We conclude that the increased age-related susceptibility of old-age neurons to excitotoxicity may be due to higher levels of activation of pERK and pCREB pathways that can be protected by BB extract through inhibition of both these pathways through an ROS stress response. These results suggest that the beneficial effects of BB polyphenols may involve transient stress signaling and ROS protection that may translate into improved cognition observed in aging rats and APP/PS1 mice given BB. (Supported by NIA and USDA) 46. SEARCH FOR AGING AND LONGEVITY GENES Charles R. Cantor, PhD, (P) Sequenom, Inc., San Diego, CA Mass spectrometry (MS) is a powerful tool for human genetic analysis. In this talk I will briefly demonstrate three applications. Large scale human population genetics was used to discover novel variations that decline in frequency as a function of age in a healthy cohort, and thus may reflect variations that produce premature morbidity or mortality. This strategy revealed an amino acid change in the protein AKAP10 (dAKAP2) that appears, increasingly, to play a significant role in increasing the risk of cardiovascular disease. Germ line genetic variations can be measured from blood or any other easily accessed human material, but disease progression markers usually require invasive access. However, the sensitivity and specificity of MS allows small trace analytes to be detected non-invasively in blood. I will describe recent progress in detecting Down Syndrome from fetal RNA that can be isolated from the maternal circulation. Finally, epigenetic modification of DNA can be detected very efficiently by MS. Since these reflect gene-environment interactions, they have great potential progress at early monitoring events that will eventually lead to disease or a shortened healthy lifespan. Understanding the genetic basis of aging and longevity in humans is possible given the survival advantage of individuals endowed with favorable longevity genotypes. Furthermore, favorable genotypes can serve as buffering mechanisms against the deleterious effect of so-called age-related disease genes, resulting in the accumulation of deleterious age-related diseases genotypes among individuals with extreme lifespan. Studies of genotypic frequencies among different age groups can thus elucidate genetic pathways responsible for longevity. We demonstrate 3 genotypes in cholesterol ester transfer protein (CETP), apo-lipoprotein C-3 (APOC3), and adiponectin (ADIPOQ) that monotonically increase between ages 60-110 in unrelated individuals, and are over represented by 2-3 folds in the oldest old group, suggesting that they may be necessary to assure exceptional survival. Furthermore, we show that these genotypes are associated with changes in their protein plasma levels and other intermediate phenotypes and out come related to the cardiovascular disease and cognitive function. We present theoretical arguments for a novel evolutionary paradigm in search for aging and longevity genes, and experimentally corroborate our hypotheses. Our findings reveal a buffering mechanism by which one longevity gene has protective effect on an age related disease gene. These findings provide a proof of concept for the utility of subjects with exceptional longevity as a target for discovering aging and longevity genes in humans.
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HOW PERSISTENT VIRUSES DRIVE IMMUNE SENESCENCE AND WHAT CAN WE DO ABOUT IT
AGE-RELATED TOXICITY OF B-AMYLOID
FUNCTIONAL GENOMICS APPROACHES FOR IDENTIFICATION OF HUMAN LONGEVITY GENES
GENETICS OF INFLAMMATION IN AGE-RELATED DISEASES AND LONGEVITY
Giuseppina Candore, Carmela Rita Balistreri, Florinda Listì, Sonya Vasto, Calogero Caruso (P) Immunosenescence Unit, Department of Pathobiology and Biomedical Methodologies, University of Palermo, Italy
In this presentation we discuss relevant data on ageing, longevity, and gender with particular focus on inflammation gene polymorphisms which could affect an individual's chance to reach the extreme limit of human life. In 2000-2005 in the more developed regions, the life expectancy at birth is 71.9 years for men and 79.3 years for women. Indeed, gender accounts for important differences in the prevalence of a variety of age-related diseases. Considering people of far-advanced age, demographic data document a clear-cut prevalence of women compared to men, suggesting that sex-specific mortality rates follow different trajectories during ageing. In Italy this female/male ratio is relatively lower, but significant differences have been observed between Italian regions in the distribution of centenarians by gender. Thus, a complex interaction of environmental, historical, and genetic factors, likely plays an important role in determining the gender-specific probability of achieving longevity. On the other hand, inflammation is a complex network of molecular and cellular interactions that facilitates a return to physiological homeostasis and tissue repair. The individual response against infection and trauma is also determined by gene variability. Ageing is accompanied by chronic lowgrade inflammation state clearly showed by 2-4-fold increase in serum levels of inflammatory mediators. A wide range of factors has been claimed to contribute to this state; however, the most important role seems to be played by the chronic antigenic stress, which affects immune system thorough out life with a progressive activation of macrophages and related cells. This proinflammatory status, interacting with the genetic background, potentially triggers the onset of age-related inflammatory diseases as atherosclerosis. Thus, the analysis of polymorphisms of the genes that are key nodes of the natural immunity response might clarify the patho-physiology of age-related inflammatory diseases as atherosclerosis. On the other hand, centenarians are characterized by marked delay or escape from ageassociated diseases that, on average, cause mortality at earlier ages. In addition, centenarian offspring have increased likelihood of surviving to 100 years and show a reduced prevalence of age-associated diseases, as cardiovascular disease (CVD) and less prevalence of cardiovascular risk factors. So, genes involved in CVD may play an opposite role in human longevity. Thus, the model of centenarians can be used to understand the role of these genes in successful and unsuccessful ageing. Accordingly, we report the results of several studies in which the frequencies of pro-inflammatory alleles were significantly higher in patients affected by infarction and lower in centenarians whereas age-related controls displayed intermediate values. Interestingly the frequency of pro/anti-inflammatory gene variants also show gender differences. These findings point to a strong relationship between the genetics of inflammation, successful aging, and the control of cardiovascular disease, but seem to suggest that the evidence for men is much stronger. Understanding the different strategies that men and women seem to follow to achieve longevity may help us to comprehend better the basic phenomenon of ageing and allow us to search for safe ways to increase male lifespan. These data are also briefly discussed in the light of antagonistic pleiotropy theory and in order to pursuit a pharmacogenomics approach. Dietary restriction (DR) markedly extends female reproductive lifespan in rodents; we are testing whether this extension is related to DR's ability to extend organismic life span. We have taken a genetic approach to testing this hypothesis by utilizing two series of murine recombinant inbreds, the LXS and LSXSS (Rikke et al., 2006 Physiol. Genomics, 27:122-30; Williams, et al., 2004 Mamm. Genome, 15:637-647) . The genetic variation in extended reproductive lifespan was highly significant in both panels. We also found marked genetic variation in the reduction of body temperature, body weight (BW), hair growth, and tail growth during DR. In both panels, maintaining higher BW was significantly and positively correlated with maintaining a higher rate of hair growth. A search for quantitative trait loci (QTLs) that overlapped for DR's affect on BW and hair growth revealed two top-tier candidates in the LXS and one in the LSXSS. For the two LXS loci, and arguably the LSXSS locus, the allele associated with maintaining higher BW and hair growth showed similar significance for maintaining higher tail growth -and for extending reproductive lifespan. This pattern suggests that the extended reproductive lifespan is related to an increase in metabolic efficiency that provides more energy for all functions. If so, the results fit best with a model in which DR retards aging by improving the efficiency of ATP production during oxidative phosphorylation and concomitantly reduces the generation of reactive oxygen species. A QTL study of organismic lifespan under DR is currently underway in the LXS; the oldest mice are two years old. Beginning in 1998, our group has utilized Affymetrix microarrays to study influences of diet and aging on gene expression profiles. In this talk I will draw from data collected over this 9 year period to illustrate the use of gene expression profiling data in target identification. Clearly, our ability to do so has increased greatly due to continuing advances in bioinformatics, statistics, and pathway analyses. A particular example to be discussed concerns our 2002 discovery of the increased expression of PGC-1α in mouse heart by caloric restriction. One of the most widely accepted theories in aging research is the free radical or oxidative stress theory of aging, which states that the age-related loss of physiological function is due to the progressive and irreversible accumulation of oxidative damage. Although this theory is currently one of the most popular explanations for how aging occurs at the biochemical level, most of the evidence in support of this theory is correlative. We are using knockout/ transgenic mice with alterations in the antioxidant defense system to test the following hypothesis: An altered steady-state accumulation of oxidative damage with age will lead to alterations in aging and agerelated pathology. The first line of defense against the deleterious effects of reactive oxygen species is the superoxide dismutases (SOD) that enzymatically scavenge superoxide anions, converting them to hydrogen peroxide. Mice null for manganese SOD (MnSOD or Sod2), which is compartmentalized within the mitochondrial matrix, die 1 to 20 days after birth while the heterozygous Sod2 −/+ mice appear normal. The lower MnSOD activity in the Sod2 −/+ mice is associated with increased sensitivity to oxidative stress and an increased accumulation of oxidative damage. Therefore, these animals are an excellent model for testing the free radical hypothesis of aging. However, these mice have the same life span as their wild type littermates, which is inconsistent with the oxidative stress theory of aging. We also found that the life spans of Gpx1 −/− and the Gpx1 −/− X Sod2 +/− mice are similar to wild type mice even though these mice show increased sensitivity to oxidative stress. Additionally, we studied the effect of overexpressing antioxidant enzymes on life span, finding that most antioxidant enzymes have no effect on life span but that the overexpression of thioredoxin 1 increases mean life span. Thus, our findings show that the role of oxidative damage/stress in aging is not as simple as suggested by the oxidative stress theory of aging, and our data suggest that alterations in certain components of the antioxidant defense system may increase the life span of mice, while alterations in other components will have no effect on life span. The observation that long-lived and relatively healthy animals can be obtained by simple genetic manipulation prompts the search for compounds that have similar effects. Since aging is the most important risk factor for many socially and economically important diseases, the discovery of a wide range of chemical modulators of aging in model organisms could prompt new strategies for attacking age-related disease such as diabetes, cancer and neurodegenerative disorders. Resistance to multiple types of stress is a common trait in long-lived genetic variants of a number of species; therefore we have tested compounds that act as stress response mimetics. We have focused on a small number of compounds with antioxidant properties and identified those that also confer thermal stress resistance. Some of these compounds also extend normal lifespan consistent with the general model that enhanced stress resistance slows aging. Following this screen of antioxidants, we are now screening large diversity libraries with endpoints that are amenable to high throughput screening methodology. We will report on pilot screens for resistance to genotoxic stress and oxidative stress and discuss the opportunities for compound screening for aging phenotypes in model organisms. Genetic analysis has elucidated mechanisms that influence aging and lifespan, but there has been limited progress in identifying drugs that delay aging. We identified three small molecules that increase mean and maximum lifespan of C. elegans and delay age-related declines of physiological processes, including the anticonvulsant medicines ethosuximide and trimethadione that are approved for human use. These compounds increased the lifespan of a variety of mutants, such as daf-2, daf-16 and eat-2. These drugs may extend lifespan by affecting neural activity, since they cause a spectrum of behavioral abnormalities. We will discuss recent data indicating that ethosuximide acts on ciliated chemosensory neurons to extend lifespan. To establish a systematic screening of prolongevity interventions, we are developing a high-throughput system to evaluate effects of compounds or fruit extracts on lifespan using the Mexican fruit fly (Mexfly), Anastrepha luden, as the model organism. One advantage of this organism is that millions of Mexflies are readily available daily at the Moscafrut mass-rearing facility at Tapachula in the state of Chiapas, Mexico. As a pilot screen, we assessed effects of a dozen of compounds and fruit extracts on lifespan of Mexflies. The selected compounds and fruit extracts were considered to act on various aging-related biological processes as antioxidants, dietary restriction mimetics or anticonvulsion drugs. In each lifespan assay, approximately 2000 males and females were examined to determine sex-specific and age-specific effects of compounds. Although significant lifespan extension was not observed for most of the compounds tested, we found a Cranberry extract extended lifespan in males and, to lesser extent, in females, Thus far, we have demonstrated the feasibility of using Mexflies for screening prolongevity interventions. Future efforts will be focused on further development of a high-throughput system to allow evaluation of hundreds of compounds per year.
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CONSERVED EUKARYOTIC PATHWAYS REGULATING LONGEVITY
IDENTIFICATION AND ANALYSIS OF ANTICONVULSANT DRUGS THAT EXTEND C. ELEGANS LONGEVITY
Session III THE NATIONAL INSTITUTE ON AGING INTERVENTIONS TESTING PROGRAM
Nancy L. Nadon (P), National Institute on Aging, Bethesda MD 20892 Drugs, compounds, or dietary supplements that lead to an increased lifespan and improve health span in the elderly would have a significant on the aged population, increasing quality of life and decreasing financial outlay for health care. Unfortunately, in spite of a burgeoning dietary supplement market, there is little data to indicate supplements currently in use are effective. And there are few studies aimed at identifying new candidates for human consumption to extend healthy aging. The National Institute on Aging (NIA) Interventions Testing Program (ITP) was developed to address these needs, testing candiLIFESPAN EXTENSION BY RESVERATROL Rafael de Cabo, (P) Laboratory of Experimental Gerontology, NIA, NIH, Gerontology Research Center Resveratrol, a polyphenolic compound known for its cardioprotective and anti-cancer effects, has previously been shown to significantly extend lifespan in organisms such as S. cerevisiae, C. elegans, D. melanogaster and Nothobrancius furzeri (a shortlived species of fish). We recently published a report on the short term beneficial effects of resveratrol on mice fed a high fat diet (Baur et al 2006) . Here we will present the update information related to our ongoing mouse resveratrol longevity study.
Session IV THE CALERIE STUDY: CALORIE RESTRICTION IN HUMANS-OPPORTUNITIES FOR RESEARCH Steven Smith (P)
The CALERIE study is a multi-center study funded by the NIH-NIA that aims to determine the feasibility and biological effects of long term (2 year) caloric restriction in healthy men and women. This presentation will highlight the study design, logistics and importantly, the sample repository that is part of the study. A brief review of the ancillary study proposal process will round out the presentation. More information can be found at http://calerie.dcri.duke.edu/ WHAT HAVE NITRONES TAUGHT US ABOUT AGING AND AGE-RELATED DISEASES? Robert A. Floyd (P) Oklahoma Medical Research Foundation Nitrones first were successfully popularized as agents to trap and characterize free radical intermediates in chemical and biochemical systems. With time they were shown to be useful to trap free radicals in cells and experimental animals and then surprisingly were shown to have powerful pharmacologic properties. The reaction rate of nitrones with free radicals varies but in general can be rather slow depending upon the specific nitrone used and the free radical species being trapped. Likewise in general the antioxidant potency of several nitrones is much less potent than α-tocopherol analogous in some comparison lipid peroxidative systems. Therefore, it remains a valid question whether their pharmacologic properties are directly related to their capacity to trap free radicals or if their more recently discovered ability to quench signal transduction processes and to exhibit potent antiinflammatory activity can account for their activity. The aryl nitrones represented by α-phenyl-tert-butyl nitrone (PBN) and its many derivatives have been shown to have potent activity in many experimental models of age-related diseases and pathologic conditions where free radical processes have been shown to be important. The most studied is the brain stroke model where extensive commercial development has been done. Results with the 2,4-disulfonate ester of PBN, NXY-059, in the experimental models involving gerbils, mice, marmosets and finally humans will be discussed. The lessons learned in this effort will be summarized in the context of possible neuroprotective mechanisms and the possible role of free radical processes involved. These insights may be useful in other conditions including the protective action of nitrones in experimental models of cancer development. These are areas where extensive promising new research is now ongoing. Supported by NIH RO1CA82506 and OCAST/OARS AR052-041. Ghrelin is a gut derived peptide hormone that plays a key role in metabolic function. Both ghrelin and ghrelin receptor (GhrR) KO mice resist body weight (BW) increases and adiposity when fed a high fat diet (HFD). In the present study, we examined parameters of glycemic control in GhrR KO mice fed a HFD by performing a glucose tolerance test (GTT). Fasting blood glucose (BG) and insulin levels were reduced in GhrR KO mice fed HFD compared to the WT.
GENETIC OR PHARMACOLOGIC BLOCKADE
During evaluation by GTT, GhrR KO mice had a decreased BG excursion, with significantly decreased blood insulin levels, suggesting that genetic blockade of GhrR signaling blocks the development of insulin resistance in HFD-fed mice. Additionally, Elixir Pharmaceuticals, Inc. has developed potent, orally bioavailable, small molecule antagonists of GhrR. Oral dosing (28d) of HFD-fed C57bl6 mice with a ghrelin antagonist caused a decrease in BW.
Additionally, compound-treated mice had a decreased BG excursion with significantly decreased insulin levels during a GTT. These results show that pharmacological antagonism of GhrR recapitulates the GhrR KO phenotype of HFD-fed mice with regard to metabolic parameters. These data strongly support GhrR blockade as a therapeutic strategy to improve glucose homeostasis in the treatment of type 2 diabetes.
